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This experiment was carried out to evaluate the effect of reduced dietary crude protein (CP) levels supplemented with or without exogenous phytase on growing pigs. Six dietary treatments arranged in a 3 × 2 factorial arrangements of 3 CP levels (containing 14, 16 and 18 % CP) supplemented each with or without 5000 FTU/g phytase enzyme. Thirty growing pigs (average weight of 17.80±0.10 kg) were allotted to the six dietary treatments in a complete randomized design. The final weight, daily weight gain and feed conversion ratio increased significantly with increasing CP levels. While, phytase supplementation improved (P = 0.044) feed conversion ratio in pigs. Total solid and volatile solid content of the slurry were higher (P = 0.001) in pigs fed 14 and 16 % CP diets supplemented with phytase when compared with other treatment groups. Concentration of methane gas emitted was lowest (P = 0.001) in the slurry of pigs fed 14 % CP diet with or without phytase and those fed 16 % CP diet with phytase supplementation. In conclusion, reduction in dietary crude protein levels resulted in reduced weight gain and poor feed conversion ratio. While, reduced CP with phytase supplementation reduced concentration of methane gas emitted.
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Introduction
Livestock contributes about 14.5% of human induced greenhouse gas (GHG) emissions globally in terms of carbon dioxide equivalent (Gerber et al., 2013). The greenhouse gas (GHG) emission from pig production is about 13 % of global GHG from livestock and this is the second contributor to GHG in the livestock sector (FAO, 2011). Pork meat has been regarded as the most consumed meat out of all other livestock species constituting about 37% of world’s consumption (McGlone, 2013). The future growth in the world’s population is expected to increase the demand for pork meat, hence increased intensive pig production. Subsequently, the emission of gases such as methane (CH4), ammonia (NH3), carbon dioxide (CO2), nitrous oxide (N2O) and hydrogen sulphide (H2S) will increase with negative consequences on the environment as well as pose health risks (Bellarby et al., 2013).  Carbon dioxide, CH4 and N2O are known to contribute to the depletion of the ozone layer resulting in global warming. These gases have varying potentials causing the depletion of the ozone layer (IPCC, 2007) while hydrogen sulphide has been reported to pose negative impact on health of humans (EEA, 2009). 
Pig diets are reported to often contain more protein than other animal, thereby leading to the release of unutilized protein in resultant manure (Montalvo, 2013). Dietary constituents fed to livestock have been reported to influence the nutrient composition of the resultant manure produced (Lukehurst et al., 2010 (​http:​/​​/​www.sciencedirect.com​/​science​/​article​/​pii​/​S0956053X1630753X" \l "b0205​)). Protein intake reduction without malnutrition has been reported to be effective dietary intervention in preventing and treating tumor growth and cancer, this is associated with improve metabolic homeostasis and disease prevention through metabolic reprogramming (Yin et al., 2018). Li et al. (2018) revealed that low protein diet exhibits a beneficial role in host metabolism by regulating lipid metabolism through abundances of triglycerides, cholesterol and high density lipoprotein. Also, protein restriction has been shown to influence muscle amino acid metabolism and meat quality in pigs (Yin et al., 2017). Manipulation of dietary constituents has been acknowledged as strategy for controlling gas emissions from livestock (FAO, 2013). The effectiveness of this strategy is based on how diet composition affects nutrient digestibility which indirectly influence slurry characteristics and gas emissions from manure (Dinuciio et al., 2008). One possible strategy to mitigate GHG emission from livestock is to reduce the animal’s excretion of nitrogen (N), which is a source of N2O emissions in manure management. Diet manipulation had been reported to influence the pH of slurry, which in turn affect ammonia release (Portejoie et al., 2004). According to Spring and Bracher (2014), reduction of protein content in the diet is an efficient approach to reducing gas emissions. Studies had shown that reducing the dietary CP by 2% to 4% from the NRC recommendations and supplementing with crystalline amino acids increased nitrogen utilization, reduce feed costs and nitrogen excretion, and promote gut health without impairing the growth performance of pigs (Fan et al., 2017;Yue & Qiao, 2008). Nitrogen metabolism and nitrogen release improved when protein level was lowered in the diet of pigs (Yan et al., 2016). He et al. (2016), observed decrease nitrogen emission as a result of feeding low protein diet in a pig model.
Pig diets are formulated using ingredients from plant origin, phosphorus in these plants is bound to the phytic-acid anion, which is poorly digested by pigs and makes availability of P low (Almeida & Stein, 2012). According to Knowlton et al. (2004), about 70% of phosphorus intake is excreted either through the faeces or urine. Under commercial intensive pig production, where improved pig growth and reduced cost of production is the target, the amount of phosphorus in pig diets should be adjusted to their requirement in order to reduce these losses and also check environmental pollution. Dietary supplementation with phytase has been reported to hydrolyze phytic acid and consequently increases phosphorus availability in pigs (Jacela et al., 2010). Phytase is an enzyme supplemented to animal feeds in order to increase the utilization of phytate-bond phosphorus from plant based ingredients and reducing the amount of inorganic phosphorus to diet formulations. Subsequently, resulting in decrease in the amount of phytate phosphorus that is excreted into manure and the environment
The aim of this study was to investigate the possible effect of reduced dietary crude protein (CP) levels supplemented with or without exogenous phytase on slurry characteristics and gas emission of growing pigs with the view of reducing GHG emissions into the environment. 

Materials and methods
The experiment was carried out at the piggery unit of Kwame Nkrumah University of Science and Technology (KNUST), Kumasi Ghana. The experiment complied with the guideline as stipulated by animal protocol and management committee of KNUST.

Experimental diets and design
Thirty Large White pigs (with an average initial body weight of 17.80±0.10kg) were allocated in a complete randomized design in a 3×2 factorial arrangement of dietary treatments containing 14, 16 and 18 % CP supplemented with and without phytase enzyme (phytase enzyme purchased from Guangdong Vtr Bio-Tech Co Ltd, China with an enzyme activity of 5,000 FTU/g). Thus there were six treatments with each treatment replicated five times. Each pig (representing a replicate unit) was individually housed in metallic cages (1.4 m × 0.7 m × 0.9 m). Crystalline amino acids (L-lysine, DL-methionine, L-threonine and L-tryptophan) were added to the diets based on NRC, (2012) recommendations for growing pigs (20 - 50 kg). The pigs were fed twice daily (08.00 and 16.00 hours) on weight basis as recommended by NRC (2012) and water was provided ad libitum with automatic drinkers. The experiment lasted for eight weeks. Proximate composition of feed samples were analyzed for dry matter (DM) (Method 934.01), crude fibre (CF) (Method 978.01), ether extract (EE) (Method 920.39), ash (Method 942.05) and CP (N × 6.25; Method 990.03) using standard methods of AOAC (2000). Gross energy content of the feed samples were determined using the Adiabatic Bomb Calorimeter 

Growth performance
The pigs were weighed at the beginning of study and subsequently on weekly basis to determine the initial body weight and weight change. Subsequently, daily weight gain was calculated (ADG). Feed intake was recorded on daily basis in which average daily feed intake (ADFI) and feed conversion ratio (FCR) was calculated as (ADFI/ADG).

Slurry collection and preparation
At the end of eight weeks of feeding, fresh fecal and urine samples were taken from four random pigs in each treatment group for three consecutive days. Samples of urine and feces were stored in a freezer immediately after collection and later, the four samples for each was bulked and mixed to make the slurry in a 40:60 feces: urine (v/v) (Marszalek et al., 2014). This resulted in twenty-four samples.

Slurry physico-chemical properties
Fresh slurry samples were analyzed for the total solid (TS), volatile solid (VS), crude fiber, phosphorus, total nitrogen and pH. Slurry pH was measured using a pH meter (Thermo Scientific Orion Star A121 pH meter). Total solid and VS contents were determined by oven-drying the samples at 105°C and using a muffle furnace at 550°C respectively and calculated using standard method (USEPA, 2001). Total nitrogen content of the manure was determined by the Kjeldahl procedure according to Okalebo et al. (1993). Phosphorus content was determined using the method of Motsa and Roy (2008).

Gas emission
Twenty-four, 500 ml bottles fitted with one liter Tedlar bags (CEL Scientific Corp, Cerritos, CA 90703) were filled each with 250 mls of slurry samples. The samples were incubated at 37°C for 30 days in a Thermo Scientific Max Q 8000 incubator, after which gas emissions (CH4, CO2, residual nitrogen (RN2) and H2S) were measured using Geotech Biogas 5000.

Statistical analysis
Data obtained for growth performance were arranged in a 3 × 2 factorial with 5 replicates and analyzed using GenStat 12.1 software (GenStat, 2009). The gas emission study also was similarly analyzed but with four replicates. Treatments were compared using the Tukeys Test, and the differences were separated at the statistical P<0.05 level.

Results
Growth response of growing pigs fed different levels of crude protein diets supplemented with or without phytase enzyme is as shown in Table 2. Main effect of dietary crude protein levels significantly influenced the final weight, daily weight gain and feed conversion ratio of the pigs. The final weight, daily weight gain and feed conversion ratio were reduced with decreasing dietary crude protein levels. Feed conversion ratio (FCR) seemed to show a slight improvement (P = 0.055) following a progressive increase in dietary crude protein with or without phytase supplementation. Pigs fed diets supplemented with phytase enzyme had better (P = 0.044) FCR of 2.57 when compared with pigs fed diets without phytase enzyme supplementation.  
Table 3 shows the slurry characteristics of growing pigs fed different levels of crude protein diets supplemented with or without phytase enzyme. Main effect of dietary crude protein levels significantly influenced the pH, N and P content of the slurry of pigs fed dietary treatment. The pH, N and P content of the slurry increased significantly following increasing dietary crude protein levels. Meanwhile, the pH value and P concentration of the slurry reduced (P<0.01) with phytase enzyme supplementation. Total solids was highest (P = 0.029) in the slurry of pigs fed 14 and 16 % CP diets supplemented with phytase, however slurry of pigs fed 18% CP with or without phytase enzyme had the least total solid content among the treatment groups. The slurry of pigs fed 14 and 16 % CP diets supplemented with phytase had the highest (P = 0.002) volatile solid content, followed by those fed 14 and 16 % CP diets without phytase supplementation. While, slurry with the least volatile solid was recorded with pigs fed 18% CP supplemented with phytase enzyme.  
The concentration of methane, CO2, residual N and hydrogen sulphide emitted from the slurry of growing pigs fed different levels of crude protein diets supplemented with or without phytase enzyme is as displayed on Table 4. Main effect of dietary crude protein levels significantly influenced CO2, residual N and hydrogen sulphide emitted with the highest gas recorded for pigs fed with 18% CP. The least residual N and hydrogen sulphide was recorded with pigs fed 14% CP while the least CO2 was obtained with pigs fed 16% CP. Phytase supplementation reduced CO2 and hydrogen sulphide concentrations emitted.  Methane gas emitted was lowest (P = 0.001) in the slurry of pigs fed 14 % CP without phytase enzyme, 14 and 16 % CP diets with phytase supplementation. While, the highest concentration was generated from the slurry of pigs fed 18% CP diet without phytase supplementation. 

Discussion
Reduced final weight, daily weight gain and poor FCR obtained in this study with pigs fed low crude protein (14 % CP) despite increased supplemental limiting amino acids (lysine, methionine, threonine and tryptophan) could be attributed to reduced dietary supply of some other non-essential amino acids which might be limiting. Toledo et al. (2014) reported that reduction of protein content may be achievable with a better balance of EAA by simultaneously supplementing isoleucine, valine and phenylalanine to low protein diets to meet pigs’ requirements apart from lysine, methionine, threonine and tryptophan. Morales et al. (2015) observed that protein restriction not only reduces AA supply, but alters AA form (the ratio of free to bound AA) in diets. However, Wu (2014) proposed enlarging the ideal protein pattern by these non-essential amino acids. 
The findings of this study was similar to the work of Goncalves et al. (2016) who reported a reduction in daily body weight of pigs fed low CP modified with amino acids with no significant difference in feed intake. Gomez et al. (2002) also reported reduced growth performance when grower pigs were fed a diet that was reduced in CP by approximately 4 percentage units with supplemental lysine, threonine, tryptophan, and methionine. Meanwhile, the present finding was contrary to Sirtori et al. (2014) who reported no significant effect on performance when protein level was reduced from high to low protein in pigs.  Whereas, Shriver et al. (2003) reported improved growth performance when dietary CP concentrations were reduced by 4 percentage units and lysine, threonine, tryptophan, methionine, isoleucine, and valine were supplemented in diets of finishing pigs. The difference in the present findings with previous studies was the use of other essential amino acids which was not supplemented in our own study. Studies had suggested the use of more supplemented AA while lowering CP level of the pig diet without losing performance (Gallo et al., 2014; Gloaguen et al., 2014). 
Dietary phytase supplementation in the present study had no effect on final weight and weight gain but improved FCR in pigs fed 14 and 18 % CP when compared with their counterparts fed similar diets without phytase supplementation. This suggested that phytase supplementation in low (14% CP) and high protein (18% CP) diets make nutrients more available to the growing pigs. Some studies found positive effects of phytase supplementation on the weight gain of growing pigs (Kies et al., 2006; Veum et al., 2006). McCormick et al. (2016) indicated that phytase supplementation of diets fed to pigs improved body weight and FCR. While, high doses of phytase can replace all inorganic phosphate in pigs fed corn-soy diet without affecting carcass weight, lean carcass and yield percentage (Dersjant-Li et al., 2018). Shet et al. (2018) observed that egg production can be maintained with 250 FTU/kg and 500 FTU/kg supplementation of commercial phytase even without non phytate phosphorus in the diet of layer birds. This result is in agreement with l’Anson et al. (2013) who reported improved FCR of growing pigs following dietary phytase supplementation. 
The increase in total solid content of slurry obtained from pigs fed with reduced dietary CP with or without phytase supplementation indicated low water content in the slurry, which was required to facilitate the dissolution and transportation of nutrient and also the mass transfer of non-homogenous substrate (Sadaka & Dan Engler, 2003). Wood et al. (2012) reported that total solid content is an indicator of substrate availability for CH4, N2O production and NH3 emissions. The increased in slurry nitrogen as dietary CP content increased is as a result of more organic protein in the high protein diet when compared with low CP diets supplemented with synthetic amino acids. According to Moreira et al. (2004), the nitrogen in the pig manure emanates from the deamination of AA not used for protein synthesis. Free dietary AA is reported to be readily available whereas protein bound AA have to be digested before being released from dietary protein (Qiu et al., 2016).  Morales et al. (2015) reported that reducing dietary CP content from 18 % to 14 % CP linearly reduced total nitrogen excretion. Hence, the reduced N and P content of the slurry obtained in the present study following reduction in dietary crude protein levels implied reduced emission and environmental hazards following excretion of N and P. Fan et al. (2005) reported that addition of phytase to the diet of growing pigs improved the utilization of CP and P.
The lower manure pH from the pigs fed low CP diets had been attributed to a reduction in the buffering capacity of ammonium nitrogen from these diets since pH below 7.0 is required to keep the released N in the non-volatile state (Kerr et al., 2006). Velthof et al. (2005) also reported a reduced pH from manure of pigs fed reduced CP supplemented with synthetic amino acids. Petersen et al. (2012) also confirmed from his study that emissions can be reduced by acidifying animal manure, which decreased nitrogen emissions from slurry. The desirable effect of phytase enzyme supplementation was also underscored in the present study with reduced pH and P content of the slurry obtained with pigs fed diet supplemented with phytase enzyme.
The highest methane emission obtained from pigs fed diet containing 18 % CP without phytase supplementation corroborated the high pH value of the slurry obtained earlier as higher pH from pig manures have been implicated with increase in the buffering capacity of ammonium nitrogen. The production of CH4 has been reported to be influenced by several factors which include pH, temperature and physicochemical characteristics (Jarret et al., 2010). Methane producing bacteria are most sensitive to improper operating conditions and when inhibited, organic acid will accumulate. Methane forming bacteria are slower growing than acid forming bacteria and are extremely pH sensitive (pH 6.8 – 7.4). Reduced methane production was noticed in the present study with pigs fed low CP diets. This could be attributed to the rapid growth of the acid forming bacteria which indirectly lowers the resultant pH, thereby inhibiting the methane bacteria and stopping gas production (Kaufmann, 2015).
The reduction effect of phytase enzyme supplementation on CO2 emission (as reflected in the result of main effect) appears to be directly related to nutrient efficiency in pigs. Clark et al. (2006) observed decrease CO2 production with increase in efficiency of nutrient utilization. Peterson et al. (2016) indicated that losses of carbon in VS as CO2 may be much greater than losses as CH4 indicating a 5-15% of C for pig slurry VS as emitted as CH4 and 85-95% as CO2. Atakora et al. (2003) reported a reduction of 27 and 4 percent in methane and carbon dioxide emissions respectively when pigs were fed 16 percent crude protein diets supplemented with amino acids compared to a diet containing 19 percent crude protein. Notwithstanding the dietary crude protein levels used in the present study, phytase enzyme supplementation lowers the concentration of methane gas emitted with the least concentration obtained for pigs fed 14% CP supplemented with phytase. Phytase supplementation has been reported to reduce N excretion and consequently lowers N2O emissions (Monteiro et al 2017). Lowering protein level has been used to improve the environmental pollution in animal production by promoting nitrogen utilization efficiency and decreasing emission of nitrogen (Yan et al., 2016).
The decreased H2S may be consequence of acidification which reduces the activity of anaerobic microorganisms. Increased CP levels resulted in higher H2S in the manure as a result of more protein being used by microbes as an energy source resulting in a higher concentration of odorous compounds in the manure. High H2S which is the result of incomplete anaerobic digestion of protein and carbohydrate (Manyi-Loh et al., 2013) can be attributed to the high quantity of sulphur containing ingredient in the diet of 18 % CP. Le et al. (2007) observed that reducing CP from 18 to 12 % reduced sulphurous compounds linearly in the manure.  A higher pH will raise ammonia toxicity since most of the total ammonia nitrogen will be free ammonia (Chen et al., 2008). Wang et al. (2014) observed a larger reduction effect on CH4, NH3 and H2S emissions as a result of acidifying the slurry.

Research guideline
The experiment complied with the guideline as stipulated by animal protocol and management committee of KNUST.

Conclusion
Mitigating environmental impact through dietary manipulation strategies is a crucial effort in reducing greenhouse gas (GHG) emissions, most especially from commercial pig production which has been regarded as second GHG contributor in the livestock sector. Reduction in dietary crude protein levels from the present study from 18 to 14%, resulted in reduced daily weight gain, poor feed conversion ratio and increased total solid slurry content of growing pigs. However, dietary supplementation with phytase enzyme significantly reduced pH and P content of the slurry, and lowers the concentration of methane gas emitted with the least gas emission from pigs fed with 14% CP. 
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Table 1 Percentage composition of experimental diets for growing pigs 

































Table 2 Growth response of growing pigs fed different levels of crude protein diets supplemented with or without phytase enzyme










































Table 3 Slurry characteristics of growing pigs fed different levels of crude protein diets supplemented with or without phytase enzyme











































Table 4 Gas emissions from the slurry of growing pigs fed different levels of crude protein diets supplemented with or without phytase enzyme
















CP           ×	Phytase	0.001	0.906	0.257	0.116
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